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Abstract 
Jet fuel is a kind of hazardous chemical and it can easily result in combustion or explosion accidents in the process of production, 
use, storage, transportation and other aspects, so its safety issues are essential and urgent. Explosion performance testing device 
and combustion performance testing device have been used to study the combustion and explosion characteristics of high flash 
point jet fuel and No.3 jet fuel. The results show that the explosion pressure and explosion pressure rise rate have a rising trend 
with the spray pressure increases. The ignition time of high flash point jet fuel was later than that of No.3 jet fuel, showing that 
high flash point jet fuel is more safety than No.3 jet fuel. The obtained combustion and explosion parameters of the two kinds of 
jet fuel from the experiments can be used to evaluate their safety quantitatively. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of scientific committee of Beijing Institute of Technology. 
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1. Introduction 
With the successful service of high performance aircraft in China, quality stable, safe and reliable jet fuel will be 
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more urgent [1]. Jet fuel is specially made to satisfy particular characteristics of the jet engine. As the jet fuel is used 
in aeronautical turbine engines, it is necessary to ensure a high level of safety and reliability. With the development 
of modern flight technology, the requirements of safety and efficient jet fuel are very strict, therefore, air engines 
made the following main requirements for the quality of the fuel: firstly, good atomization and evaporation. The two 
indicators depends distillation range, vapor pressure and viscosity of the fuel. 10% distillation temperature directly 
affects the startup, 90% distillation temperature is to control the heavy fraction, it also explains that the difficulty of 
atomization and combustion is completely evaporated or not; secondly, good high altitude performance. Suitable 
saturated vapor pressure and evaporation, uniform distribution of distillation range to ensure that there is no air 
resistance in the altitude flight and low evaporation loss; thirdly, good combustion performance. Combustion should 
have an appropriate chemical composition to guarantee rapid, stable, complete combustion under various engine 
operating conditions [2–4]. 
There are six kinds of jet fuel in China, high flash point jet fuel (called RP-5) and No.3 jet fuel (called RP-3) are 
used mostly and normally. RP-3 has been widely used in commercial airplanes and military aircraft during recent 
years. RP-5 is a kind of heavy kerosene fuel, its prominent feature is the high flash point, the fuel mainly used in 
navy ship borne aircraft. Although jet fuel have high flash point, it also involve security issues. In the process of 
storage and use, especially for the good performance evaporation and combustion of the jet fuel, the fuel due to form 
vapor because of leakage, mixed air and fuel in the cabin or atmosphere became a certain concentration of 
combustible medium, the medium may occur serious combustion and explosion accidents once get in touch with 
fire[5–6]. Therefore, it is of great significant to study the combustion and explosion characteristics of high flash 
point jet fuel. 
2. Experimental devices and process 
2.1. Physical and chemical properties 
The fuel includes RP-5 and RP-3, The main indicators of the fuel such as flash point, freezing point, density, 
kinematic viscosity, gross calorific value and so on are important parameters that directly related to the atomization 
and combustion performance. We get physical and chemical properties of the fuel according to the national standard 
test methods of petroleum products. The main indicators of the fuel are shown in Table 1. As we can see in the 
Table, the flash point of RP-5 is larger than that of RP-3, the former is 39.2% larger than the latter and RP-5 has 
advantage in safety issue. The kinematic viscosity of RP-5 is relatively high, it is more difficult to atomize and the 
particle size is big than RP-3. 
Table 1. The main indicators of the fuel. 
Properties RP-5 RP-3 
Flash point (ºC) 74 45 
Freezing point (ºC) -52 -58 
Density (20ºC) (kg/m3) 815.0 790.3 
Kinematic viscosity (20ºC) (mm2/s) 5.869 1.792 
Gross calorific value (MJ/kg) 42.95 43.07 
2.2. Explosion experiments 
The explosion performance testing experiments were carried out in a explosion sphere vessel and its volume is 
20L. The experiments system was composed of explosion sphere vessel, ignition system, gas circulation system, 
control system, data acquisition system and some other parts. Essentially, the vessel was designed to withstand 
explosion pressure up to 4 Mpa. The ignition source was placed in the center of the vessel. Use a pyrotechnic igniter 
with the energy of 2 kJ as energy source to ignite the gas/vapor system. In the experiment, the vessel was evacuated 
to a vacuum degree, and then high pressure air carried with fuel though dispersed nozzle sprayed the fuel to the 
vessel and formed liquid droplets that had high degree of turbulence. 
The experiment conditions are as follows: the volume of the sample fuel is 50mL, the closing time of the sample 
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room (its volume is 0.6 L) is 300 ms, the delay time of ignition is 300ms, the vessel were evacuated to an absolute 
pressure of 90 kPa, 80 kPa, 70 kPa, 60 kPa, 50 kpa to ensure that the vessel was at standard atmospheric pressure 
while the spray pressure of the sample room was 0.343 MPa, 0.687 MPa, 1.030 MPa, 1.373 MPa, 1.717 MPa. 
2.3. Measuring explosion parameters 
Three important parameters: the explosion pressure, the explosion temperature and explosion pressure rise rate, 
they were measured with a pressure transducer (resolving power 0.001 MPa) and a temperature transducer 
(resolving power 0.1ć). With the energy of pyrotechnic igniter the surface temperature of the fuel increases, heat 
radiation comes from flame makes the fuel volatile into the combustible oil vapor, the energy released in the process 
accelerates the vaporization as well, it makes a large number of particles evaporate combustible gas and participate 
the combustion and explosion, the energy released the process makes the gas in the vessel expand and produce 
explosion overpressure. 
In order to obtain the explosion characteristics of the fuel under different atomized states, the method of 
explosion indexes (Kst) were used to define the violence of fuel explosion. The maximum explosion pressure rise 
rate is the main basis for determining the index while Kst is the main reference to explosion hazardous classification. 
The index can be derived and expressed systematically with the formulation as follows: 
                                                          1/3max/stK dp dt V u                                                                          (1) 
where V is the volume of the explosion sphere vessel. 
2.4. Combustion experiments 
Using combustion performance testing device to test the ignition temperature with a temperature transducer type 
Pt100 made in Germany JUMO Company and sustainable burning time of the fuel. The process was based on the 
classification and provision defined in The Recommendations on the Transport of Dangerous Goods. In the 
experiments, set the heating temperature according to requirements and the system automatically injected 2mL 
sample to the open burning pool when the device reached a predetermined temperature. Set the constant heating 
time as 60s, and then continually ignite the fuel for 15s, if the sample did not have spontaneous combustion during 
the heating time, the device started automatic ignition to detect whether the observed sample is ignited or not, the 
computer automatically recorded the experimental phenomena and sustainable burning time after the experiment. 
The experimental system is shown in Fig. 1. 
                       a                                                                              b                                                                                            
 
 
 
 
 
 
 
 
 
 
Fig. 1. (a) The explosion experimental system; (b) The combustion experimental system. 
3. Experiment results and analysis 
3.1. Analysis of effect of spray pressure on the explosion characteristics  
After experimental measurement, the results of explosion characteristics of the fuel in different spray pressure are 
380   Lei Zheng et al. /  Procedia Engineering  84 ( 2014 )  377 – 383 
shown in Table 2 and 3. 
Table 2. The explosion characteristics of RP-5. 
Spray pressure 
/MPa 
The maximum 
explosion pressure 
/MPa 
The maximum 
explosion 
temperature 
/ć 
 The explosion 
pressure rise rate 
/MPa/s 
Kst 
0.343 0.645 173.5 3.28 6.83 
0.687 0.653 194.7 3.45 8.55 
1.030 0.665 205.7 3.68 10.39 
1.373 0.686 232.3 4.12 13.76 
1.717 0.704 248.0 4.31 18.54 
Table 3. The explosion characteristics of RP-3. 
Spray pressure 
/MPa 
The maximum 
explosion pressure 
/MPa 
The maximum 
explosion temperature 
/ć 
 The explosion 
pressure rise rate 
/MPa/s 
Kst 
0.343 0.642 148.1 3.51 7.43 
0.687 0.687 151.1 3.65 8.87 
1.030 0.705 207.1 3.84 12.75 
1.373 0.707 233.8 4.38 16.35 
1.717 0.740 299.0 4.53 19.73 
 
In order to obtain clearer information about the explosion characteristics, the values of explosion parameters with 
the spray pressure are shown in Fig. 2. 
It can be seen from Table 2 and 3 that the parameter values of both RP-5 and RP-3 increase with the spray 
pressure at each measurement point, the maximum explosion pressure of RP-3 is larger than that of RP-5 at the same 
spray pressure. When the spray pressure is 1.717 MPa, the maximum explosion pressure of RP-3 increased faster 
than that of RP-5, the former is 0.036 MPa larger than the latter. As we can distinctly see in Fig 2, the maximum 
explosion temperature of RP-5 is higher than that of RP-3 at the first and second spray pressure measurement point, 
the value of the maximum explosion pressure, explosion pressure rise rate, Kst of RP-3 are larger than that of RP-5 
respectively, and they have a good linear relationship as the spray pressure changes. Many experiments showed that 
the value of Kst in 20L explosion sphere vessel were quite the same as in 1m3 standard vessel of ISO (International 
Organization for Standardization), according the standard, using the value of Kst to evaluate the explosion violence 
grade [7], as the results show in the table, the explosion violence grade of the two fuel is grade 1 at different spray 
pressure, both the two kinds of fuel are safety relatively when explosion occurs at this concentration and with the 
ignition energy but RP-5 is more reliable than RP-3. 
Typical curve of pressure varied with time when RP-5 blasted in the explosion sphere vessel is shown in Fig. 3. 
Spray pressure has a certain influence on the explosion characteristics of the fuel and with the spray pressure 
increases the explosion pressure appears an increasing trend as we can see in the figure. The main reasons for this 
consequence are: (1) the diffused movement of fuel droplets occurs under the effect of aerodynamic resistance and 
smash evaporation occurs further. After thoroughly turbulent mixture with the air, the fuel forms cloud droplets in 
the action of spray. (2) the bigger the spray pressure is, the higher degree of droplets atomization and evaporation is, 
the fuel has a more evenly distribution. (3) the high reaction pressure helps to improve combustion efficiency of the 
flammable vapor in the vessel [8–9], and reduce the adverse effect on the adequacy of the fuel and gas deflagration 
caused by heat dissipation inside vessel. 
As shown in Fig. 3, it takes about 100ms for the vessel to reach the standard atmospheric pressure, at the time of 
300ms the ignition happens, the explosion presents a rapid growth with the increase of time and reaches its 
maximum value at about 350ms, the time point of maximum explosion pressure differs little under different spray 
pressure. It respectively takes about 62, 58, 56, 46 and 54 ms for the blasting happened from initial value to the 
maximum pressure while the spray pressure of the sample room is 0.343 MPa, 0.687 MPa, 1.030 MPa, 1.373 MPa, 
1.717 MPa, and at the end of the data collection time (3000 ms) the explosion energy still maintain a high level. This 
also indicates that the optimum atomized time is about 50 ms when the fuel sprays. So we conclude that it needs to 
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establish reliable defensive measures to prevent the damage caused by the explosion and combustion accidents in 
the process of production or life because of the short reaction time. 
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(a) Maximum explosion pressure                                             (b) Maximum explosion temperature 
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(c) Explosion pressure rise rate                                                                     (d) Kst 
Fig. 2. Curves of explosion parameters with the spray pressure. 
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Fig. 3. The explosion pressure values with the change of time at different spray pressure. 
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3.2. Analysis of the combustion characteristics 
Using combustion performance testing device to test the combustion performance of the fuel, the consequence of 
the combustion performance is shown in Table 4.
Table 4. The results of the combustion performance of different fuel. 
fuel Ignition time/s The sustainable burning time/s 
The maximum fire 
temperature/ć 
RP-5 64.3 248.5 2751 
RP-3 4.5 273.6 2742 
 
Variations of sustainable burning time at each measurement point with the temperature are shown in Fig. 4. It can 
be seen from Table 4 and Fig. 4 that both RP-5 and RP-3 vary nonlinearly with time and the ignition time (the time 
when fuel gets fire) of RP-5 was 59.8s later than RP-3, the time of RP-3 is merely 7.0% of RP-5 and the main 
reasons for this phenomenon mostly contribute to the high flash point. The sustainable burning time of RP-3 is 
longer than that of RP-5, the maximum fire temperature reach high temperature 2700ć both of them, RP-3 
continues 152s at high temperature zone(>2500ć) while RP-5 lasts 139s. The results demonstrate that RP-5 is more 
secure and reliable than RP-3 in the premise of no reducing the efficiency. 
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Fig. 4. Variations of sustainable burning time with the change of temperature. 
In order to obtain the combustion velocity of the fuel, we define the quality combustion speed which is derived as 
the quality value of reaction fuel per unit area and time to get more conservative result. The detail mathematical 
description is as follows: 
( )mV m S t ' '                                                                               (2) 
where Vm is the quality combustion speed, kg/m2.h; m' is the quality value of reaction fuel, kg; S is the area of the 
open burning pour, m2; t' is the sustainable burning time, h. 
According to the formulation, the quality combustion speed of RP-3 and RP-5 is 3.32 and 3.65 kg/m2.h 
respectively. The main influence factors of ignition probability are inclusive of the flammable material properties, 
mass flow rate of flammable materials spillage, ignition resources and ignition controls [10]. Liquid fuel such as jet 
fuel once gets fire, the combustion speed is slow in the early stages of combustion, as the combustion time increases, 
the speed increases to the maximum till stability as we can see in the experiment. Practically speaking, it mainly due 
to heat radiation comes from flame with high temperature, the radiation makes the fuel volatiles into the oil vapor 
continuously, the process needs large amount of vaporization heat. When the radiation heat balances vaporization 
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heat, the combustion speed is equal to evaporation rate and the combustion stay stable. The conclusion and results 
are in accord with the experiment. 
4. Conclusions 
(1) The maximum explosion pressure, the explosion pressure rise rate, Kst of RP-3 is larger than that of RP-5 at 
the same spray pressure, and the parameter values of both RP-3 and RP-5 increase with the spray pressure increases. 
(2) The explosion violence grade of the two fuel is grade 1 at different spray pressures, RP-3 is more violent than 
RP-5. 
(3) The explosion presents a rapid growth after the ignition, and it takes about 62, 58, 56, 46 and 54ms from 
initial value to the maximum pressure while the spray pressure is 0.343MPa, 0.687MPa, 1.030MPa, 1.373MPa, 
1.717MPa respectively. 
(4) The ignition time of RP-5 was 59.8s later than that of RP-3, the sustainable burning time of RP-3 is longer 
than that of RP-5, the quality combustion speed of RP-3 and RP-5 is 3.32 and 3.65 kg/m2.h respectively. RP-5 is 
more safety than RP-3. 
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